The sciatic nerve is the largest and most bulky nerve in the human body, about 2 cm wide and 0.5 cm thick at its origin, near the lumbosacral plexus 1 . This nerve forms from the roots of the L4-S3 segments of the lumbosacral plexus, traversing the lower limb, from its origin in the posterior hip to the hallux. It is responsible for the innervation of the posterior leg compartment muscles (hamstrings), the muscles of all leg compartments and both sides of the foot and is, therefore, the lower limbs' main nerve. It is also responsible for cutaneous innervation of the leg and foot, except in its medial regions 2 .
This nerve, in normal anatomy, emerges from the posterior area of the pelvic girdle, through the large sciatic foramen, passing inferiorly to the piriformis muscle (infrapiriform area). It follows a descending path along the thigh up to the proximal region of the popliteal fossa, where it divides into its terminal branches, the tibial nerve and the common fibular nerve 1 . Although this is the typical anatomical pattern, variations related to the location where the nerve divides, as well as its path in relation to the piriformis muscle, have been observed 3 .
In a study performed on Caucasian cadavers (294 members), the normal pattern was observed in 93.6% of the dissected limbs. Among the variations found, the sciatic nerve exiting the pelvis from the suprapiriform area (0.3%) and between its fibers (0.3%) was observed. In one of the dissected pieces, the sciatic nerve was divided at the piriformis muscle level and each of its branches assumed opposite paths, one leaving the supra-pectoral area and the other through the infrapiriform area 4 .
The topographic anatomy variations of the sciatic nerve and the piriformis muscle seem to be related to the development of important clinical conditions, such as piriformis syndrome 4 . This is a rare condition characterized by the presence of pain in the gluteal and lumbar region that may or may not radiate to the lower ipsilateral limb 5 . One of the mechanisms involved in the development of this condition is due to the compression or irritation of the sciatic nerve as it passes through the piriformis muscle 6 . The inflamed, spastic or elongated muscle compresses the nerve between the muscle tendon and the bony pelvis, generating the typical pain picture often clinically confused with a herniated disc 7 .
In this context, a reduction of the space through which the sciatic nerve leaves the pelvis, as in the anatomical variations of its path and division, could cause its entrapment or compression, leading to a neuropathy characteristic of piriformis syndrome. The deep gluteal region is of great clinical importance due to the location of anatomical structures in this area and their relationship with the piriformis muscle, which can often result in pain and paresis of the affected limb, characteristic symptoms of the syndrome. Additionally, sciatica may also be accompanied by changes in the biomechanics of the pelvic girdle, leading to physical incapacity for locomotion and reduction of the patient's quality of life 8 .
Given this scenario, it is necessary to understand the variant anatomy of the sciatic nerve and its passage through the sciatic foramen in order to identify an association between the symptoms reported by the patients with their anatomy, increasing the sensitivity of the differential diagnosis and consequently leading to more effective treatment. In this context, this study analyzed the anatomical variations of the sciatic nerve and their relation to piriformis syndrome.
METHODS
This was a systematic review. For the accomplishment of this study the following databases were consulted: SciELO; PUBMED; LILACS; SpringerLink, ScienceDirect and Latindex. The electronic search was carried out from August to September 2018. Articles were selected without time restriction, in English and Portuguese languages. For the data mining of the studies the descriptors were used in combination with boolean operators (AND). In SciELO, PUBMED and ScienceDirect, the combination considered was "anatomical variation" AND "piriformis syndrome". In LILACS, SpringerLink and Latindex "anatomical variation" AND "piriformis syndrome" AND "sciatic nerve".
For the calculation of the total number of studies, we verified that the studies were not duplicated, and each article was considered only once. From the identified studies, those that fulfilled the inclusion criteria were selected based on the initial reading of the titles and abstracts.
Original, imaging records or human cadaver articles were included, involving the anatomical variations of the sciatic nerve in relation to the piriformis muscle. We excluded review articles, studies with animal models and those reporting on piriformis syndrome unrelated to anatomical variations of the sciatic nerve.
The search was performed, independently, by two reviewers. The interobserver agreement analysis was performed using the Kappa test (BioEstat V 5.0), according to the Landis and Koch 9 method. The K value found was 0.78 (which reflected substantial agreement).
The articles were critically analyzed through an interpretation guide, used to evaluate their individual quality, based on studies by Greehalgh 10 and adapted by MacDermid et al. 11 . The articles' quality evaluation items are expressed by scores in Table 1 , in which 0 = absent; 1 = incomplete; and 2 = complete. The calculation of the percentage in Table 1 was performed by the sum of the points reached in each evaluation criterion divided by the maximum expected in each item. The follow-up criterion described in item 6 was not applicable to this study.
RESULTS
A summary of the electronic search in the selected databases is presented in Figure 1 . Initially, 185 articles were identified, of which 142 were excluded, 65 of which were not relevant, such as descriptions of anatomical variations in the sciatic nerve and 77 because they were duplicates; the remaining 43 were submitted for analysis and verification of the titles and abstracts according to the inclusion and exclusion criteria. Of these, all 43 were read in full, of which only 12 articles 4, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 adequately met all the inclusion criteria and were, therefore, selected for this integrative review in Table 2 .
The classification of the normal (most common) anatomy of the sciatic nerve and its path in relation to the piriformis muscle is illustrated as Type 1 in Figure 2 . The other illustrations (Type 2 to Type 13) represent the anatomical variations found.
We found 13 different sciatic nerve anatomies, of which 12 were variations. In Figure 2 , the major sciatic foramen and its elements are schematically represented to better illustrate these variations. Type 1 -shows the sciatic nerve emerging as a single trunk and leaving the pelvis at the infrapiriform area (normal pattern); Type 2 -when the sciatic nerve emerges as a single trunk coming out of the pelvis through the suprapiriform area; Type 3 -when it leaves the pelvis with its terminal roots in a way that the common fibular nerve passes through the fibers of the piriformis muscle; Type 4 -when the common fibular nerve passes through the suprapiriform area and the tibial nerve through the infrapiriform area; Type 5 -when there is a high bifurcation of the tibial nerve; Type 6 -when a sciatic nerve trifurcation occurs in the infrapiriform area into the tibial nerve, abnormal trunk and common fibular branch; Type 7 -when the sciatic nerve emerges divided and the common fibular nerve passes between the heads of a double piriformis, while the tibial nerve passed beneath the muscle; Type 8 -when the common fibular nerve passes over the muscle and then joins with the tibial nerve that passed beneath the muscle; Type 9 -when the tibial nerve and common fibular nerve pass between the superficial and deep ventricles of the piriformis and then join; Type 10 -when the sciatic nerve divides and both divisions pass above the piriformis; Type 11 -when the piriformis muscle has three muscular bellies and the common fibular nerve passes between the superficial and intermediate belly and the tibial nerve passes over the deep belly; Type 12 -when both root terminals of the sciatic nerve pass through the ventricles of the piriformis; Type 13 -when the sciatic nerve exits the pelvis through the smaller sciatic foramen.
Ten of the twelve articles included in this review used the cadaveric dissection method to analyze variations in the sciatic nerve anatomy in relation to the piriformis muscle 4, [11] [12] [13] [14] [15] [16] [17] [18] 20, 21 , while the other two used radiological methods 19, 22 . In nine (75%) of the selected articles, type 1 anatomical variations were observed, which corresponds to the normal anatomical pattern 4, [12] [13] [14] 17, 18, 20, 21, 22 , five (41.67%) authors found type 3 variation 13, 14, 17, 19, 22 , three (25%) type 4 4, 17, 22 and one (8.33%) type 2 13 .
Also, unclassified alterations were reported in three (25%) of the studies, referring to the sciatic nerve division level 15, 16, 21 and another three (25%) found the presence of a double piriformis 4, 15, 19 . In addition, three studies were performed on human fetal cadaveric specimens at different gestational periods, where variations of type 5 and 13 could be associated with the onset of piriformis syndrome 16, 20, 21 .
The most prevalent atypical anatomical variation in this review was type 3, which showed the sciatic nerve forming its terminal roots while still inside the pelvis and its common fibular root exiting through the piriformis muscle fibers.
DISCUSSION
The relationship between the sciatic nerve and the piriformis syndrome has been found in the scientific literature and, in some cases, a direct connection of this syndrome with some of its anatomical variations has been verified. However, it cannot always be said that these changes are associated with the etiology and are responsible for pain, as asymptomatic patients may have the variations, but symptomatic patients may not present with these variations 23 .
We believe that the different forms of passage of the sciatic nerve through the piriformis muscle fibers generate ischemic compression and are capable of reproducing symptoms related to the dermatomes and myotomes of the competence of these nerve roots.
Yet, the data presented in this review show that anatomical variation of the sciatic nerve is not an uncommon condition. A study of 100 human fetal cadaveric specimens found that 72.5% of the analyzed sciatic nerves had a division at the popliteal fossa level; that is, the expected anatomical pattern corresponding to the type 1 anatomical variation. In the other 27.5% of cases, there was a high bifurcation of this nerve, in the posterolateral region or in the gluteal region, related to the type 5 variation 21 . A retrospective study evaluating 755 MRI scans found that in 87% of cases the normal pattern of division was present. In 13% of the anatomical alterations, it was observed that one of the sciatic nerve divisions passed between the piriformis muscle fibers 22 . Table 2 . Summary of the selected studies which analyze the relationship between the sciatic nerve anatomical variations and piriformis syndrome.
Author (year) Sample Methods Main results
Berihu; Debeb (2015) 12 
corpses (56 lower limbs)
Corpse dissection 75% of the limbs showed normal anatomy of the sciatic nerve. Of the 25% that showed variations, 11% were related to the piriformis muscle, 5% to the trifurcation of the sciatic nerve and 9% to the variation in the sural nerve origin The normal anatomy patterns were found in 87% of cases.
The other 13% showed one of the divisions of the sciatic nerve passing through the piriformis, and the other division passing below
Individuals with sciatic nerve anatomical division variation may have more than one type of variation when comparing the contralateral limb. This information is consistent with a cadaver study in which the right lower limb nerve passed beneath the piriformis muscle while in the lower left limb the fibular nerve passed inside its belly in the same individual 14 .
It is known from the literature that the common fibular, and tibial roots of the sciatic nerve have sensory and motor roles in the lower limbs. The former innervates the short head of the femoral biceps and controls the anterior muscle compartments of the leg and foot and lateral leg that is responsible for movements of ankle and toe extension and eversion of the foot, as well as contributing to the sensation of the anterior and lateral portions of the leg and foot. The tibial root is responsible for the innervation of the other posterior compartment muscles of the thigh, leg and posterior portion of the sole of the foot 2 .
In another study based on the analysis of cadaveric parts, we also found anatomical variations of the sciatic nerve. In three cases, the common fibular branch passed over the piriformis muscle and in another nine the common fibular nerve passed through this muscle fiber 17 .
According to Pećina 24 , in the type 3 variation, there is a greater probability of development of piriformis syndrome. Since the common fibular nerve passes through the piriformis muscle fibers, there will be compression of the nerve fiber in situations of hypertrophy, inflammation or even a normal contraction of this muscle. In this way, the individual may present with sensory, motor and neurological disorders, triggering characteristic symptoms of paresthesia and paresis in the cutaneous territories and motor compartments, which are the areas of competence of that nerve.
In this review, type 3 was the most common variant. We consider that in order to cause sciatica, the tense piriformis muscle compresses the nerve, or part of it, generating ischemia in its vasa nervorum, causing typical neuropathy 3 . Therefore, when compression occurs in the normal type 1 form, a clinical response compatible with paresthesias and paresis in the areas of competence of the sciatic nerve, classically called sciatica, is to be expected. But in every variation, it is possible to find a different effect. In these cases, type 3 variants, for example, there is a strong tendency for the fibular fiber to compress the common fibular root alone or even before compressing the tibial root, creating a whole clinical scenario, as the initial symptoms could be manifested as paresthesias and paresis in the territories of the areas of competence of the common fibular nerve in an isolated way and not in the areas of competence of the tibial nerve, which may confuse the clinical reasoning at the time of diagnosis. In this case, a sciatica would be reported in the lateral and anterior leg areas and foot alone.
On the other hand, Fishman et al. 25 , from the analysis of the H-reflex test, observed that the tibial nerve is more severely affected than the common fibular nerve in piriformis syndrome, although the anatomical variations in the path of the latter nerve are more rare. Thus, variations in the common fibular nerve would not necessarily be related to the piriformis syndrome.
In addition to the anatomical variations related to the level where the division of the sciatic nerve occurs, as well as its path to the respective innervation territory, other anatomical variations of the relationship of this nerve and the piriformis muscle have been reported. Polesello et al. 19 identified an accessory muscle sheath in the left piriformis muscle. This variation increased the tension and compression in the sciatic nerve, generating a neuralgic picture, since the muscle tendon was transfixing the nerve. Twelve variant forms have been observed in the sciatic nerve during its exit from the pelvis. It is known that compression of the sciatic nerve generates sciatica, characterized by paresthesias in the posterior thigh region, extending down the whole leg and foot, except for the medial regions, which are competence areas of the saphenous nerve originating from the femoral nerve. Additionally, it is also possible to observe paresis ( force deficit) for joint movements of hip extension, knee flexion, ankle flexion and extension, as well as inversions and eversions.
The clinical picture may change when one of the sciatic nerve roots is selectively compressed during its passage through the larger sciatic foramen. When there is selective compression at the origin of the sciatic nerve tibial root, a clinical response is expected with paresthesias in the posterior thigh area, leg and possibly in the plantar area of the foot. It is also possible to find paresis in the articular movements of the muscles of the leg and posterior foot compartment muscles as well as in the plantar area -territories of sciatic nerve competence.
Therefore, it is believed that sciatica can be clinically demonstrated in various ways and it is up to the physician to recognize it.
In conclusion, in all the analyzed studies a higher prevalence of the normal anatomical pattern of the sciatic nerve was observed, which showed an occurrence higher than 70%. The most frequent variations were those of type 3, in which the common fibular nerve passes through the fibers of the piriformis muscle. This type of variation has been related to piriformis syndrome; however, it does not seem to be the only one, as other variations, even with a lower percentage of occurrence, were associated with this clinical condition. Other studies, especially in vivo, are necessary in order to study the relationship between the types of anatomical variation of the sciatic nerve, symptomatology and degree of impairment, and piriformis syndrome.
We believe that knowledge of the variant division forms of the sciatic nerve prior to its exit from the pelvis can help the physician understand the different clinical manifestations of sciatica, enabling a precise diagnosis and, consequently, more effective treatment.
